(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
25 April 2019 (25.04.2019)

(10) International Publication Number

WO 2019/076469 Al

WIPO I PCT

(51) International Patent Classification:
HO4N 1/405 (2006.01)

(21) International Application Number:
PCT/EP2017/076928

(22) International Filing Date:
20 October 2017 (20.10.2017)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: HP INDIGO B.V. [NL/NL]; Startbaan 16,
1187 XR Amstelveen (NL).

(72) Inventors: FRANK, Tal; Einstein 10, Kiryat Weizmann,
76101 Ness Ziona (IL). HAIK, Oren; Einstein 10, Kiry-
at Weizmann, 76101 Ness Ziona (IL). BEN-SHOSHAN,
Yotam; Einstein 10, Kiryat Weizmann, 76101 Ness Ziona
(IL). BORNSTEIN, Shay; Einstein 10, Kiryat Weizmann,

76101 Ness Ziona (IL).

(74) Agent: DAY, Caroline M, Haseltine Lake LLP, Redcliff

Quay, 120 Redcliff Street, Bristol Bristol BS1 6HU (GB).
(81

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: HALFTONE SCREENS COMPRISING CLUSTER PATTERNS HAVING DIFFERENT CENTRE POSITIONS

w0 2019/076469 A1 | I 00000000 0 O 0

Set centre position of cluster pattern within 1stcell  p~_- 102
|
Set centre position of cluster pattern within 2™ cell
which is different to centre position of cluster pattern  p~.~ 104
within the 15t cell

Fig. 1
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Each of the cells may contain a predetermined pixel cluster pattern, and a centre position of a cluster pattern within a first cell may be
different to a centre position of a cluster pattern within a second cell.
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HALFTONE SCREENS COMPRISING CLUSTER PATTERNS HAVING DIFFERENT CENTRE
POSITIONS

BACKGROUND

[0001] Printing systems may convert input data (for example, data representing an
image for two-dimensional printing, or data representing an object for three dimensional printing)
to print instructions, which specify where print materials (for example, colorants such as inks or
toners or other printable materials) are to be placed in a print operation.

[0002] Techniques used in converting data include use of halftone screens. An
example of a halftone screen is an amplitude modulation halftone screen, in which the locations
in which a print material may be placed are predetermined, but the number of print addressable
locations which receive a particular print material may depend on the input data. For example,
depending on the amount of yellow associated with a particular print addressable region in an
image, an amount of yellow print agent applied to the region may be relatively high, low or zero.

BRIEF DESCRIPTION OF DRAWINGS

[0003] For a more complete understanding, reference is now made to the following
description taken in conjunction with the accompanying drawings in which:

[0004] Figure 1 is an example of a method of determining a halftone screen;

[0005] Figure 2 is an example of a method for determining an offset for a centre
position of a cluster pattern within a cell;

[0006] Figures 3A and 3B show examples of halftone screens for a gray level;
[0007] Figure 4 is an example of a method for printing a print output;

[0008] Figures 5 and 6 show examples of apparatus comprising processing circuitry;
and

[0009] Figure 7 is a simplified schematic of an example non-transitory machine
readable medium associated with a processor.
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DETAILED DESCRIPTION

[0010] In the case of two-dimensional printing, a print addressable location may
comprise at least one pixel, and each print addressable location may be printed with at least one
print agent which may comprise a colorant such as inks (for example cyan, magenta, yellow and
black inks), a coating or another print material, as well as combinations of those print agents.

[0011] In the case of three-dimensional printing, which is also referred to as additive
manufacturing, three-dimensional space may be characterised in terms of ‘voxels’, i.e. three-
dimensional pixels, wherein each voxel occupies or represents a discrete volume. In examples of
three-dimensional printing therefore, an addressable area may comprise at least one three-
dimensional pixel and each three-dimensional pixel may be ‘printed’, i.e. generated or
manufactured, using one or a combination of agents and/or build materials.

[0012] To briefly discuss three-dimensional printing in greater detail, objects
generated by an additive manufacturing process may be formed in a layer-by-layer manner. In
one example, an objectis generated by solidifying portions of layers of build material. In examples,
the build material may be in the form of a powder or powder-like material, a fluid or a sheet
material. In some examples, the intended solidification and/or physical properties may be
achieved by printing an agent onto a layer of the build material. Energy may be applied to the
layer and the build material on which an agent has been applied may coalesce and solidify upon
cooling. In other examples, directed energy may be used to selectively cause coalescence of
build material, or chemical binding agents may be used to solidify a build material. In other
examples, three-dimensional objects may be generated by using extruded plastics or sprayed
materials as build materials, which solidify to form an object. Objects formed using 3D printing
may have surface patterns, which may be formed during object generation, for example in the
first or last layers, or at the periphery of intermediate layers, or may be printed after an object has
been manufactured.

[0013] In some examples of printing methods, patterns may be inadvertently formed
in a printed output. For example, a ‘moiré’ pattern may be seen where clusters of dots repeat or,
in the case of printing multiple colors (which may be printed in separate layers, or ‘separations’),
dots from one color may visually interfere with dots printed in another color. Such patterns can
detract from image quality. Well-defined halftone screens can be used to avoid such patterns
appearing in printed outputs, or to minimise their occurrence or impact.

[0014] Halftone screens may comprise precomputed threshold matrices. In use of
such a screen, an image may be fragmented into squares of N*N pixels (called tiles) on which the
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screen is applied. The tiles may each comprise a number of cells, each of which can contain a
cluster of pixels. A plurality of pixel cluster patterns may be defined, which grow in size from a
centre point with an increasing gray level. For example, where an underlying image has a low
gray level in a particular separation, no pixels, or a centre pixel of the pattern may be ‘switched
on’ while all others are switched off. When a pixel is ‘switched on’ in this context, this results in
an instruction to place a dot of ink at a corresponding location on a substrate. However, for higher
gray levels, the cluster will be larger, with a greater number of pixels of the cluster pattern being
switched on. The order in which the pixels (i.e. the pattern of the cluster, or more generally herein,
the pixel cluster pattern) are switched on with increasing gray levels may be predetermined and
deterministic, with clusters growing from the centre out according to the predetermined pattern.

[0015] In other words, each cell of a halftone screen contains a plurality of pixels.
When printing a print output, the number of pixels of each cell which may be switched on (such
that a corresponding region of a substrate is populated with a print agent dot) may depend on the
gray level of an associated print agent in that cell. Thus, if a cell corresponds to a portion of the
image/object which is black, the majority or all of the pixels may be switched on indicating the
intended placement of dots of a black print agent. However, if a cell corresponds to a portion of
the image/object which is gray, a proportion of pixels may be switched on while a proportion are
left off. Printing dispersed black dots or dispersed black dot clusters on a white substrate produces
an impression of a gray color to an observer at a distance.

[0016] While the examples of black and gray have been used here, the term gray level
or ‘grayscale’ may be applied to any color, for example, each of a yellow, magenta, cyan and
black print material set, or some other print material set, and indeed to other properties such as
strength, resilience, conductivity and the like (although it may be noted that the effects discussed
herein are usually visual effects).

[0017] In summary then, the result of applying a halftone screen is a binary pixelated
image where every pixel can be either switched on or off. In the process of screening, each gray
level is mapped to clusters of pixels that vary in size as a function of the gray level. To print an
image, a plurality of screens corresponding to different colors may be used.

[0018] Designing halftone screens may comprise selecting the “geometry” of each
screen, which may comprise selecting a screen angle and a resolution to combat moiré effects
and to granularity. Another stage in design of a halftone screen may be “screen growing”, meaning
producing clusters of pixels (spots) that vary in size on a grid according to a gray level.

[0019] To consider the geometry first, screens may be designed for each of a plurality
of separations, for example four separations which correspond respectively to Cyan, Magenta,
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Yellow and Black in a four color CMYK system. This may result in four screens being defined: in
some examples, a ‘square’ moiré-free screen set is achieved, by using the same periodicity for
all planes with the screen angles: 15°/45°/75° for CMK planes and 0° for the yellow. These angles
represent a good compromise for most images, although other angles may be used in other
examples.

[0020] In some examples, the different halftone screens may also have different
screen resolutions, usually stated in terms of ‘Line per Inch’, or LPI. Screen resolution is a
measure of the distances between the centres of cluster patterns. Using different LPIs for different
separations also assists in combating moiré effects in the composite image formed by the
separations.

[0021] In amplitude modulation, a grayscale level may be defined at the level of a tile,
and therefore, for a given grayscale level, tiles may be repeated (although a particular cell in a tile
for a particular grayscale level may have a different number of populated pixels than another cell).
An amplitude modulation screen may be made up of a plurality of repeated, or replicated tiles (i.e.
tiles which will result in the same output for a given grayscale level, or expressed another way,
tiles which use the same screening procedure to determine where to place print agent). Using
replicated tiles reduces computational resource in processing data for printing.

[0022] In some examples, print apparatus itself can introduce patterns that can
interact with halftone screens and produce periodic artefacts. Periodic artefacts are particularly
eye-catching to the human eye in a printed output, and therefore can have a significant impact on
the impression created by the image. Unlike moiré effects, such patterns are stochastic in nature
thus cannot be readily predicted accurately before printing. For example, such patterns may arise
from variations in the laser power of laser printers or printers comprising photoconductive surfaces
which are addressed by lasers. Variations in laser power can result in differences in dot size.
Where such artefacts have a size of greater than approximately 0.3 mm (which is roughly the
threshold of human appreciation), this can result in a reduction in print quality.

[0023] Figure 1 is an example of a method of determining a halftone screen, which
may be implemented using one or more processors. In this example, the halftone screen
comprises a plurality of cells wherein each cell contains a predetermined pixel cluster pattern.
Pixels of a pixel cluster may be populated or not depending on a gray scale level. For example,
where the halftone screen relates to a particular separation and the colour of that separation is
strongly represented in a particular region of an image, a large number of pixels within the pixel
cluster pattern will be populated (which in turn results in a print instruction to place at least one
dot of ink at the location on a substrate corresponding to that pixel).
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[0024] Block 102 comprises setting a centre position of a cluster pattern within a first
cell and block 104 comprises setting a centre position of a cluster pattern within a second cell
which is different to the centre position of the cluster pattern within the first cell. Each centre
position is considered in terms of its respective cell. For example, the centre positions of the
cluster patterns may be offset if the cells were overlaid, or the relative distance between each
centre position and a fixed point in each cell (for example, the geometric centre of the cell) is
different for the cluster pattern within the first cell and the cluster pattern of the second cell.

[0025] The size of the shift of the centre position (which may be considered to be a
‘perturbation’ of the centre position) may be relatively small, for example being an offset of less
than a single pixel in size from a fixed point such as the actual centre of a cell, or less than 10
microns. For example, a shift of around a third of a pixel has been shown to provide reasonable
results for a system under test. However, in principle, the offset could be larger than a pixel, and
the appropriate size may be associated with the resolution of the print apparatus. For example,
high-resolution systems may exhibit artefacts with generally larger shifts than low-resolution
systems, and therefore the selected offset may be greater in higher resolution systems than in
lower resolution systems in order to resolve such artefacts. The pixel cluster pattern may specify
a pixel cluster in which pixels are switched on (i.e. the cluster ‘grows’) with increasing gray level
in a ‘centre-out’ manner. In other words, the pixel cluster pattern specifies an order with which
pixels are addressed, and the pixels of the cluster which are addressed may be determined
according to the pixel cluster pattern and the gray level.

[0026] While providing such a difference between centre positions can remove
periodic artefacts, too great a difference can result in graininess in a printed image. Therefore, a
shift may be selected to be as small as possible whilst resulting in the reduction of artefacts.

[0027] In some examples, a measure of the difference between the centre positions
may be selected for a particular print apparatus or class of print apparatus based on test prints.
The perturbation of the position need not be tied to a particular print apparatus. For example, as
discussed above, periodic artefacts may arise as a result of variation of laser power. Thus, the
tolerance of laser power of the lasers may be related to the size of a perturbation which resolves
periodic artefacts. The variation of laser power is likely to be relatively consistent across a
particular type of laser, which may be used in a class or range of print apparatus, and thus periodic
defects in all such print apparatus may be addressed in the same manner. Thus, in some
examples, individual print apparatus need not be tested to determine a suitable size of a
perturbation once the class thereof has been characterised.
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[0028] In some examples, the method of Figure 1 may be repeated to determine a set
of halftone screens. Different separations of an image to be printed may be associated with
different halftone screens, which may each have a selected screen angle to avoid moiré effects.
Thus, a plurality of halftone screens, each relating to a different separation, and each having a
selected screen angle (which is likely to be different for different separations) may be determined,
each screen comprising cells containing relatively offset cluster patterns. As noted above, the
screens of the set may have different screen angles and/or different screen resolutions (LPI). In
some examples, the magnitude of the variance in the centre position of pixel cluster patterns may
be different in some separations than in others, and in some examples at least one separation
may have consistent placement of pixel cluster patterns within cells (for example, all cluster
patterns may have a centre which coincides exactly with the geometric cell centre, or may have
the same offset therefrom).

[0029] Figure 2 is an example of a method for determining an offset for a centre
position of a cluster pattern within a cell. The offset may be an offset from the geometric centre of
the cell. Block 202 comprises sampling a Gaussian distribution to select an offset. In this example,
the Gaussian distribution has a mean of zero and a predetermined standard deviation, wherein
the standard deviation is linked to the type of periodic defect which is predicted to be seen in the
print apparatus with which the halftone screen is to be used.

[0030] For example, the standard deviation may be linked to the variance in laser
power, to the precision of the substrate handling apparatus, or to mechanical banding or the like.
However, the source of potential periodic defects may not be modelled precisely, and indeed need
not be understood in all examples. For example, test prints may be produced and, in the event
that a periodic defect is observed (by human eye, or by automatic image analysis), a Gaussian
distribution with a greater standard deviation may be trialled until there is a sufficient reduction in
such defects in produced test prints without undue increase in graininess. The balance selected
between those criteria may depend on the use case, for example the quality specifications, the
resolution of the print apparatus, user preference, the distance from which the print output may
be viewed and the like.

[0031] In some examples, the standard deviation of the Gaussian distribution may be
around 1-10 microns, or around 1-5 microns for a print apparatus having a resolution in the range
500-1000 dots per inch (DPI) (for example, a print apparatus having a resolution of 812.8DPI).
However, a standard deviation may be selected or optimised for each screen angle and for
particular print apparatus. As has been noted above, a standard deviation which is too high results
in non-smooth prints (graininess) and having a standard deviation which is too low may fail to
remove all periodic artefacts.
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[0032] In block 204, the offset is applied to the centre position of the cell to determine
the centre position of the cluster pattern.

[0033] In some examples, an offset may be applied separately in each of two
orthogonal axes, i.e. there may be an offset in x and an offset in y, and these may be selected
independently of each other from a Gaussian distribution (which may be the same Gaussian
distribution for x and y), or else the same offset may be applied in both x and y. Screens may use
the same distribution for x and y offsets, or different distributions. In some examples, both
distributions may be Gaussian distributions with different standard deviations.

[0034] In other examples, the offset may be determined in some other way. For
example, it may be selected based on an output from a random or pseudorandom number
generator, which may in some examples be selected, or the result processed, according to an
intended variance in the centre placement. In other examples, printer apparatus behaviour may
be modelled, and the offset may be determined using the model. In some examples, the human
visual system response may be modelled in order to identify a minimum variance to effectively
eliminate such artefacts.

[0035] Figures 3A and 3B show tiles of respective halftone screens for a particular
gray level. The centre pixel of each cluster is marked with a dark dot.

[0036] Figure 3A shows the result when there is no difference between the placement
of each pattern in each cell. As can be seen, due to the deterministic nature of the ‘centre out’
pixel selection methods used, each cluster is populated with switched on pixels in an identical
manner.

[0037] Figure 3B shows the result of adding a shift on a cluster by cluster (or cell by
cell) basis. As the pattern, or ‘cluster growth’ method is based on the distance from the pattern
centre point, a shift in that centre point results in different pixels being switched on in different
clusters. In other words, the clusters have different shapes and the strict periodicity of the screen
is broken.

[0038] For example, to consider a case where the offset is less than one pixel and the
order in which the pixels are turned on in a ‘centre out’ manner is based on a geometric spiral
originating at the centre point. When the spiral ‘enters’ the pixel (i.e. grows to extend within a
region of space corresponding to the pixel), it is turned on. In one cell, the centre point of the
spiral may be to the left of the pixel whereas in another cell the centre point of the spiral may be
to the right of the pixel. The line of the geometric spiral may intersect different pixels of each cell
as it grows, resulting in a different order in which the pixels are turned on.
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[0039] In another example, the pixels may be turned on in order of the proximity of a
fixed point (e.g. the cell centre) to the centre position of the pattern. The first pixel to be ‘turned
on’ may be the pixel containing the centre point. Where the centre position of the pattern is to the
left of a first pixel, the second pixel to be ‘turned on’ may be the pixel to the left of the first pixel.
If however the centre position is shifted to the right of the first pixel, the second pixel to be ‘turned
on’ may be the pixel to the right of the first pixel.

[0040] Thus, it may be seen that, even when the pixel cluster pattern of the first cell is
defined in the same manner as the pixel cluster pattern of the second cell (e.g. using a spiral, or
based on a minimum distance from the centre of the pattern to the centre point for an as yet
turned off pixel), this can result in pixels being ‘turned on’ in a different order in different cells.

[0041] In some examples, the cluster pattern may result in an instruction to apply two
dots to a single pixel before ‘turning on’ a new pixel. This is indicated in Figure 3B where the
clusters have a three pixel cluster, one of the pixels being darker to indicate that this receives
more drops. This may be seen in some defined cluster patterns.

[0042] Figure 4 is an example of a method for printing a print output. Block 402
comprises processing input data using the first halftone screen defined in Figure 1 to provide
control data for a print output. In some examples, further halftone screens (which may be defined
using the method of Figure 1, or according to some other method), may be used to process the
input data, which may be image or text data or the like, in order to define a plurality of separations.

[0043] Block 404 comprises printing the print output, for example using any print
apparatus such as a laser printer, a liquid electro-photographic printer, an inkjet printer, a 3D
printer or the like.

[0044] Figure 5 shows an example of apparatus 500 comprising processing
circuitry 502, wherein the processing circuitry 502 comprises a screen generation module 504 to
generate, for each of a plurality of image separations, a halftone screen comprising a plurality of
cells containing a predetermined pixel cluster pattern. The screen generation module 504
comprises a centre selection module 506, to select a centre position of the predetermined pixel
cluster pattern of each cell, such that, for at least one cell, the centre position of a pixel cluster
pattern is offset from the centre of the cell and the centre position of a pixel cluster pattern in a
first cell is different from the centre position of a pixel cluster pattern in a second cell.

[0045] This results in a set of screens having different centre positions of the pixel
cluster patterns within their respective cells.
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[0046] Figure 6 is an example of an apparatus 600 comprising processing
circuitry 602. In addition to the screen generation module 504 comprising a centre selection
module 506 described in relation to Figure 5, the processing circuitry 602 further comprises an
image processing module 604 to process input image data using the halftone screens to
determine print control data. In some examples, the image processing module 604 is to determine
a grayscale level of an image portion and to select (‘turn on’)pixels within the pixel pattern based
on the grayscale level, and wherein the print control data specifies that print agent is to be applied
to a region of a substrate corresponding to the selected pixel(s).

[0047] The apparatus 600 further comprises a print apparatus 606 to print an image
using the print control data. The print apparatus 606 may comprise any print apparatus such as
a laser printer, a liquid electro-photographic printer, an inkjet printer, a 3D printer or the like.

[0048] The apparatus 500, 600 may carry out any of the methods described in relation
to Figures 1 and 2 and the apparatus 600 may carry out the method of Figure 4.

[0049] Figure 7 is an example of a tangible and non-transitory machine readable
medium 700 in association with a processor 702. The machine readable medium 700 comprises
instructions 704 which, when executed by the processor 702, cause the processor 702 to
determine a halftone screen comprising replicated tiles spanning a plurality of halftone cells,
wherein a centre position of a pixel pattern within a first halftone cell of a tile has a first offset to
the centre of the first halftone cell and a centre position of a pixel pattern within a second halftone
cell of a tile has a second offset to the centre of the second halftone cell.

[0050] In some examples, the machine readable medium 700 further comprises
instructions which, when executed by the processor 702, cause the processor 702 to, in
determining the halftone screen, select an offset from the centre of the cell, wherein the offset is
selected on a cell by cell basis. The offset may for example be selected from a Gaussian
distribution as described above.

[0051] The machine readable medium 700 may comprise instructions which cause the
processor to carry out any of the blocks of Figure 1 or Figure 2, or block 402. The machine
readable medium 700 may comprise instructions which cause the processor 702 to act as the
processing circuitry 502 of Figure 5, or as the processing circuitry 602 of Figure 6.

[0052] The screen generation module 504, centre selection module 506 and/or the
image processing module 604 may be implemented with one or a plurality of processors
executing machine readable instructions stored in a memory, or one or a plurality of processors
operating in accordance with instructions embedded in logic circuitry. It is noted that in at least
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one example described herein, the term “module” refers to a hardware component of the
apparatus.

[0053] Examples in the present disclosure can be provided as methods, systems or
machine readable instructions, such as any combination of software, hardware, firmware or the
like. Such machine readable instructions may be included on a non-transitory machine (for
example, computer) readable storage medium (including but not limited to disc storage, CD-ROM,
optical storage, etc.) having computer readable program codes therein or thereon.

[0054] The present disclosure is described with reference to flow charts and block
diagrams of the method, devices and systems according to examples of the present disclosure.
Although the flow diagrams described above show a specific order of execution, the order of
execution may differ from that which is depicted. Blocks described in relation to one flow chart
may be combined with those of another flow chart. It shall be understood that flows and/or blocks
in the flow charts and/or block diagrams, as well as combinations of the flows and/or blocks in the
flow charts and/or block diagrams can be realized by machine readable instructions.

[0055] The machine readable instructions may, for example, be executed by a general
purpose computer, a special purpose computer, an embedded processor or processors of other
programmable data processing devices to realize the functions described in the description and
diagrams. In particular, a processor or processing apparatus, or a module thereof, may execute
the machine readable instructions. Thus functional modules of the processing circuitry 502, 602
(for example, the screen generation module 504, centre selection module 506 and/or the image
processing module 604) and devices may be implemented by a processor executing machine
readable instructions stored in a memory, or a processor operating in accordance with instructions
embedded in logic circuitry. The term ‘processor’ is to be interpreted broadly to include a CPU,
processing unit, ASIC, logic unit, or programmable gate array etc. The methods and functional
modules may all be performed by a single processor or divided amongst several processors.

[0056] Such machine readable instructions may also be stored in a computer readable
storage that can guide the computer or other programmable data processing devices to operate
in a specific mode.

[0057] Such machine readable instructions may also be loaded onto a computer or
other programmable data processing devices, so that the computer or other programmable data
processing devices perform a series of operations to produce computer-implemented processing,
thus the instructions executed on the computer or other programmable devices realize functions
specified by flow(s) in the flow charts and/or block(s) in the block diagrams.
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[0058] Further, the teachings herein may be implemented in the form of a computer
software product, the computer software product being stored in a storage medium and
comprising a plurality of instructions for making a computer device implement the methods recited
in the examples of the present disclosure.

[0059] While the method, apparatus and related aspects have been described with
reference to certain examples, various modifications, changes, omissions, and substitutions can
be made without departing from the spirit of the present disclosure. It is intended, therefore, that
the method, apparatus and related aspects be limited by the scope of the following claims and
their equivalents. It should be noted that the above-mentioned examples illustrate rather than limit
what is described herein, and that those skilled in the art will be able to design many alternative
implementations without departing from the scope of the appended claims. Features described in

relation to one example may be combined with features of another example.

[0060] The word “comprising” does not exclude the presence of elements other than

6,0

those listed in a claim, “a” or “an” does not exclude a plurality, and a single processor or other unit

may fulfil the functions of several units recited in the claims.

[0061] The features of any dependent claim may be combined with the features of any
of the independent claims or other dependent claims.
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CLAIMS

1. A method comprising:

determining, using a processor, a first halftone screen comprising a plurality of cells,
wherein each of the cells contains a predetermined pixel cluster pattern, and wherein a centre
position of a cluster pattern within a first cell is different to a centre position of a cluster pattern

within a second cell.

2. A method according to claim 1 wherein determining the first halftone screen comprises
determining the centre position of a cluster pattern within a cell by applying a selected offset
from the centre of the cell.

3. A method according to claim 2 comprising selecting the offset by sampling a Gaussian
distribution with a mean of zero and a predetermined standard deviation.

4. A method according to claim 1 wherein the selected offset has a size of less than one
pixel.
5. A method according to claim 1 further comprising determining, using the processor, a

second halftone screen having a different screen angle to the first halftone screen and
comprising a plurality of cells, wherein each of the cells contains a predetermined pixel cluster
pattern, wherein the centre position of a cluster pattern within a first cell of the second halftone
screen is different to the centre position of a cluster pattern in a second cell of the second
halftone screen.

6. A method according to claim 1 in which the predetermined pixel cluster pattern of the
first cell is defined in the same manner as the predetermined pixel cluster pattern of the second

cell.

7. A method according to claim 1 further comprising processing input data using the first
halftone screen to provide control data for a print output.

8. A method according to claim 7 further comprising printing the print output.
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9. Apparatus comprising processing circuitry, wherein the processing circuitry comprises a
screen generation module to generate, for each of a plurality of image separations, a halftone
screen comprising a plurality of cells containing a predetermined pixel cluster pattern,

wherein the screen generation module comprises a centre selection module, to select a
centre position of the predetermined pixel cluster pattern of each cell, such that, for at least one
cell, the centre position of a pixel cluster pattern is offset from the centre of the cell and a centre
position of a pixel cluster pattern in a first cell is different from a centre position of a pixel cluster
pattern in a second cell.

10. Apparatus according to claim 9 further comprising an image processing module to
process input image data using the halftone screen to determine print control data.

11. Apparatus according to claim 10 wherein the image processing module is to determine a
grayscale level of an image portion and to select pixels within the pixel cluster pattern based on
the grayscale level, and wherein the print control data specifies that print agent is to be applied
to a region of a substrate corresponding to the selected pixel(s).

12. Apparatus according to claim 10 further comprising a print apparatus to print an image
using the print control data.

13. A non-transitory machine readable medium comprising instructions which, when
executed by a processor, cause the processor to:

determine a halftone screen comprising replicated tiles spanning a plurality of halftone
cells, wherein a centre position of a pixel pattern within a first halftone cell of a tile has a first
offset to the centre of the first halftone cell and a centre position of a pixel pattern within a
second halftone cell of a tile has a second offset to the centre of the second halftone cell.

14. A non-transitory machine readable medium according to claim 13 further comprising
instructions which, when executed by a processor, cause the processor to, in determining the
halftone screen, select an offset from the centre of each halftone cell, wherein the offset is
selected on a cell by cell basis.

15. A non-transitory machine readable medium according to claim 14 further comprising
instructions to select the offset from a Gaussian distribution.
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